This second paper in the series explores the influence of uncertain values for costs, success probability and net present value on the assessment of optimum working interest (OWI) and corporate confidence probability in an exploration project based on the binomial definition of working interest in relation to corporate confidence. It is shown that one obtains a distribution range of optimum working interest together with the relative contributions of each of the uncertain parameters to the range of OWI and also on the corporate confidence. In this way one can determine which of the uncertain parameters to attempt to define better in order to minimize the range of uncertainty on either the optimum working interest or the corporate confidence should one choose to do so. The decision of whether to pursue such a narrowing of the uncertainty ranges depends on whether a corporation is prepared to accept the range of outcomes as not worthy of such improvement or whether the corporation thinks the range of uncertainty of, say, the optimum working interest is so large that a concerted effort should be made to improve uncertain parameter ranges. Numerical illustrations are give to show how the procedure works in practise.
INTRODUCTION
In the first paper of this pair (MacKay and Lerche, 2003) we provided a binomial based derivation of optimum working interest (OWI) for an exploration project that avoided many of the dissatisfactory elements of utility-based models, as explained in the first paper. Instead, we showed that the binomial based procedure allowed two definitions of OWI, one independent of the assessed net present value (V) of the exploration project, and the second very much dependent on V. We are concerned in this paper with that second definition of OWI and its behavior when the parameters determining the worth of the exploration project are themselves uncertain, as well as the behavior of corporate confidence in such "fuzzily" defined projects. Such uncertainties arise naturally because on does not know the chances of success very well, the actual costs for oil production, nor even the worth of product (assuming it is found) with time due to the changing and uncertain price of oil. This paper explores what influence such uncertainties bring to the binomial definition of optimum working interest (OWI) and corporate confidence probability (p c ) when one has to include such assessments of uncertainty.
II. UNCERTAINTY, OWI AND CORPORATE CONFIDENCE a. Definitions of OWI and Corporate Confidence
In MacKay and Lerche (2003) we provided the definitions and connections between the binomial derived OWI and corporate confidence probability (p c ) for the case where there is dependence on the NPV as
together with the inverse formula for the corporate confidence probability in terms of OWI as
where the power index b is given by
where RT = Risk Tolerance, C = cost, V = net present value (NPV), and, from equation (1), one has the limiting range for OWI of
so that one always has b<1.
b. Uncertain Parameter Values
One has to be aware that the estimates of costs, gains, and chances of success for an exploration project are just that -estimates. Such estimates are no better, and no worse, than the information available at the exploration stage of a project, and are dependent to a large extent on interpretations of the available data. Different groups within a corporation handling the same data will come to different assessments of the parameter values needed to assess the worth of the project. There is, then, an uncertainty to the assessment that needs to be addressed if the corporation is to decide properly on the worth of investing in the opportunity. There are two end-member aspects to this problem of uncertainty: either one specifies the optimum working interest one wishes to take in the project and then determines the corporate confidence uncertainty in the project at the requested OWI, or one specifies a corporate confidence level and then asks what the uncertainty is on the OWI. We discuss both approaches here so that different corporations can see which approach best fits their internal corporate strategy. In both end-member situations we consider that the corporation allows a fixed risk tolerance amount of RT =$35MM, and that nominal values for success probability, NPV, and costs are set at 35%, $100MM, and $10MM respectively. However, we allow these last three parameters to be uncertain in the ranges
These uncertainty ranges are taken to reflect estimates of the interpretations made of available data.
With the ranges set one can then run a simple Excel program interfaced with a risking program, such as Crystal Ball™, which is what we use here, to determine the corresponding effect on either the range of corporate confidence for a specified OWI, or the range of OWI for specified values of corporate confidence. For pedagogical reasons we take the three uncertain parameters above to be drawn from uniform populations ending at the minima and maxima values above, although an investigation using different choices (such as triangular, log normal, etc) could easily be undertaken. In our opinion, the main points of the uncertainty analysis are most readily portrayed using just a uniform distribution choice. Consider each extreme end-member in turn.
c. Fixed OWI, Variable Corporate Confidence
Consider three fixed values of OWI, viz. OWI = 50%, 25% and 60%. Then one can use equation (2) to determine the corresponding corporate confidence pc in the project at each OWI value. Because pc depends non-linearly on the NPV, costs, and success probability, a distribution of corporate confidence will be produced as one runs through the various random choices for these uncertain variables. Figure 1 shows this cumulative distribution of corporate confidence for the case of an OWI=50%. The cumulative probability of obtaining a corporate confidence value ranges from about 54% at a cumulative probability of P(10), through about 70% at P(50), to about 84% at P(90), so that a measure of the uncertainty is (P(90)-P(10))/P(50), which is 0.43, indicating a relatively well-determined corporate confidence n the sense that the measure is less than unity although not significantly so. The main contributions to the uncertainty are provided by the relative contributions to the variance around the mean value and, as shown in Figure 2 , uncertainty on costs and uncertainty on probability of success provide the main contributions (at 52% and 42% respectively).Thus if one wanted to narrow the range of uncertainty of the corporate confidence chances then one should concentrate on narrowing the ranges of unceratitny of the costs and success chances first before any attention is given to narrowing the range of uncertainty of the NPV.
For the case of lower OWI (25%), Figure 3 shows the corporate confidence cumulative probability distribution with P(10) at about 15%, P (50) Figure 1 . Cumulative probability distribution of corporate confidence (in %) for the case of an OWI of 50% and suing the parameter ranges for success probability, costs, and NPV described in text. Figure 3 . Cumulative probability distribution of corporate confidence (in %) for the case of an OWI of 25% and suing the parameter ranges for success probability, costs, and NPV described in text. Figure 4 . Relative contributions of uncertainties in costs, success probability, and NPV to the volatility of the mean value of the cumulative distribution of figure 3. P(90) at about 30%. In this case the corporate confidence values are not only much lower than in the case of the 50% OWI, but the volatility (as measured by (P(90)-P(10))/P(50)) now takes on the value 0.75, indicating a greater degree of uncertainty on the smaller confidence values. The dominant contributions to the uncertainty in the confidence values are provided by the probability of success (at almost 83%) and the costs uncertainty (at almost 17%). Thus in this case, too, the implication is that if one wishes to narrow the range of uncertainty on the cumulative corporate confidence distribution then one needs to deal with the uncertainty on the success probability before all other parameters are even considered because of its dominant contribution to the uncertainty on the corporate confidence range. For a higher value of OWI (60%) the situation completely reverses from that at OWI= 25%, as shown in Figures 5 and 6 . Now the corporate confidence distribution has values of about 80% at P(10), 94% at P(50), and almost 100% at P(90), for a volatility uncertainty of 0.21, so that not only are the values absolutely much higher but the relative uncertainty is much less. Correspondingly, the main uncertainty to the corporate confidence distribution is now dominated by the uncertainty on costs (at almost 86% of the variance contribution, and the success probability at 10.6%) indicating in this case that it is the costs that dominate and need to have their range of uncertainty better controlled if one wishes to narrow more the uncertainty range of the corporate confidence. Figure 5 . Cumulative probability distribution of corporate confidence (in %) for the case of an OWI of 60% and suing the parameter ranges for success probability, costs, and NPV described in text.
d. Fixed Corporate Confidence, Variable OWI
In many situations corporations indicate some fixed ideas of their corporate confidence and wish to know, with ranges of uncertainties, the distribution possible for OWI. This situation is the inverse of the three cases just considered. We retain the same three basic variables and their ranges of uncertainty as given above, and evaluate the behaviour of OWI for the three values of corporate confidence of 90%, 70% and 50%, respectively. For the case of 90% corporate confidence, Figure 7 shows the cumulative distribution of OWI, indicating a range from about 54% at P(10), 60% at P(50) to 67% at P(90), for a volatility (as measured by (P(90)-P(10))/P(50)) of 0.38. The corresponding contributions to the volatility of the mean value are given in Figure 8 , showing that about 80% of the uncertainty is due to the range of the costs , with success probability contributing about 18%. Again then it is the costs and probability uncertainties that dominate.
Dropping the corporate confidence to 70%, then yields the results shown in Figures  9 and 10 . Here one has 47% OWI at P(10), 52% OWI at P(50), and 61% OWI values at P(90), for a volatility of some 0.27, somewhat less than that for the 90% confidence situation, but then the values of OWI are themselves smaller in an absolute sense, so there is less space to be uncertain. The main contributors to the variance around the mean OWI are shown in Figure 10 , where the costs uncertainty contribute now about Figure 7 . Cumulative probability distribution of OWI (in %) for the case of a corporate confidence of 90% and suing the parameter ranges for success probability, costs, and NPV described in text.
Target Forecast: OWI(%)
COST ( Figure 8 . Relative contributions of uncertainties in costs, success probability, and NPV to the volatility of the mean value of the cumulative distribution of figure 7. Figure 9 . Cumulative probability distribution of OWI (in %) for the case of a corporate confidence of 70% and suing the parameter ranges for success probability, costs, and NPV described in text.
COST ( Figure 10 . Relative contributions of uncertainties in costs, success probability, and NPV to the volatility of the mean value of the cumulative distribution of figure 9.
59% of the uncertainty and the success probability about 40%. So once more these two variables need to be addressed first if one wishes to narrow the range of uncertainty of the OWI distribution. By lowering the corporate confidence probability to 50%, one can repeat the same calculations, resulting in the results shown in Figures 11 and 12. From Figure 11 one sees that the absolute values of OWI are now lowered and also that one obtains OWI values of 38% at P(10), 44% at P(50), and 53% at P(90), for a volatility of 0.34. In all three cases the volatility remains around 0.3 to within about 20%. The main contributors to the uncertainty of the OWI distribution in this case are the probability of success (contributing at just over 60% of the uncertainty, and the uncertainty on costs, contributing about 37% of the uncertainty).
All three situations indicate that it is the costs and success probability uncertainties that need to be addressed first if one wishes to narrow the range of uncertainty of the OWI values, although the individual situations discussed argue for different dominance between costs and probability of success in contributing to the uncertainty of OWI.
III. DISCUSSION AND CONCLUSION
The purpose of this paper has been to show that the incorporation of uncertainties in the basic exploration opportunity assessment parameters causes uncertainties in either the OWI (for a given corporate confidence) or in the corporate confidence (for a given OWI). The decision makers in a corporation need to know what the effect is of such uncertainties and also which of the uncertain variables needs to have its range of uncertainty narrowed if one is to set more confidence in the assessments. The decision makers also need to know whether it is even worthwhile attempting to improve any and/or all of the uncertain parameters because the range of outcomes for the distribution of OWI (or corporate confidence) may be so small that it is not deemed worthwhile spending time, money and effort to do any such improvements. That point has been the main thrust of this paper using a binomial representation of OWI.
There remains one further major point to address and that is the way one would attempt to assess a project when one has absolutely no idea at the exploration stage whether the project is likely to be highly successful or extremely poor and so a total loss.
That particular point calls for a more sophisticated evaluation and generalization of OWI procedures than so far have been given in these first two papers in the series and will be addressed in the third paper in some considerable detail. Figure 11 . Cumulative probability distribution of OWI (in %) for the case of a corporate confidence of 50% and suing the parameter ranges for success probability, costs, and NPV described in text. Figure 12 . Relative contributions of uncertainties in costs, success probability, and NPV to the volatility of the mean value of the cumulative distribution of figure 11.
